Grandiflorenic acid (ent-kaura-9(11),16-dien-19-oic acid) has been converted into ent-9,15-cyclokaurene, a speculative biogenetic precursor to 9,15-cyclogibberellin A 9 in prothallia of the fern Anemia mexicana. The synthetic sequence involved selective ozonolysis of the 16-ene function, allylic bromination at C-12, intramolecular alkylation by the enolate derived from the 16-one group, and Wittig methylenation; entkaura-9(11),16-ene was also prepared. In one approach to the reduction of the 19-carboxyl to a methyl group via stannane treatment of a 19-yl xanthate, the carbon skeleton was rearranged as a consequence of a presumed 1,5-hydrogen shift from C-20 to C-19. This step was followed by cylisation of the resulting homoallylic radical to a 9,20-cyclokauren-11-yl radical then fragmentation to give two 20-nor-B-homo-kaurene isomers. The alternative Wolff-Kishner reduction of a 19-al derivative proved to be satisfactory, however.
Introduction
A number of naturally occurring gibberellin ("GA") derivatives isolated from the prothallia of several fern species belonging to the Schizaeaceae (one of the most primitive fern families) 1, 2 have been shown to promote the formation of antheridia and and 1,2-dichloroethane were purified by distillation from calcium hydride. Ethanol-free ethereal diazomethane was prepared from Diazald TM All moisture-sensitive reactions were conducted in flame-dried glassware under a positive pressure of dry nitrogen;
reagents and starting materials were accordingly transferred via syringe or cannula as indicated.
ent-16-Oxo-17-norkaur-9(11)-en-19-oic Acid (6) and ent-16-Oxo-17-nor-kauran-19-oic Acid (5).
The acid mixture 4 (1 g) in pyridine (1 ml) and dichloromethane (250 ml) was cooled to -78˚C for 5 min, then ozone was then bubbled through the solution for 9
min. The reaction mixture was immediately purged with nitrogen for 5 min before addition of triethylamine (20 ml). The resulting mixture was stirred at room temperature for 1 h then washed with 1M HCl (3×60 ml). The combined aqueous phase was extracted with dichloromethane (2×40 ml). The combined organic phase was washed with water (50 ml) and dried over Na2SO4. After filtration, the solvent was removed under reduced pressure and the residue was chromatographed on silica gel (Petroleum ether 40-60˚C/ethyl acetate, 10:1→5:1→2:1) to afford the starting material 4 (342 mg, 34.2%) and then the 9(11)-enoic acid 6 10 
Methyl ent-16,16-Ethylenedioxy-17-norkaur-9(11)-en-19-oate. To a solution of acid
6 (200 mg, 0.662 mmol) in dichloromethane (5 ml), was added an excess of ethereal diazomethane 0˚C. After 10 min, the solvent was removed and the resulting methyl ester was redissolved in benzene (50 ml). Pyridinium ptoluenesulfonate (20 mg) was added, followed by ethylene glycol (1 ml). The resulting mixture was stirred at reflux with a Dean-Stark trap for 66 h. The reaction mixture was diluted with ethyl acetate (100 ml) and washed with saturated NaHCO 3 aqueous solution (2×20 ml), water (25 ml), brine (25 ml) and dried over sodium sulfate. After filtration, the solvent was removed under reduced pressure and the residue was chromatographed on silica gel Sodium hydride (40 mg, 60% in mineral oil, 1 mmol) was washed with THF (3 times).
To this powder, a solution of alcohol 11 (133 mg, 0.4 mmol) and 4-(dimethylamino)pyridine (5 mg) in THF (12 ml) was added via cannula and washed with THF (2 ml). The resulting mixture was stirred at 75˚C (oil bath) for 3 h, followed by addition of carbon disulphide (0.15 ml, 2.5 mmol, 6.0 eq.) via a syringe. The reaction mixture was then stirred at 75˚C (oil bath) for 4 h. Methyl iodide (0.15 ml, 2.4 mmol, 6.0 eq.) was introduced and the reaction was continued for a further 2 h at 75˚C (oil bath). The reaction mixture was then diluted with ether (100 ml), washed with water (3×25 ml) and brine (30 ml). The combined aqueous phase was extracted with diethyl ether (30 ml). The organic phase was combined and dried over sodium sulfate. with ethyl acetate (150 ml) and washed with 10% NaOH aqueous solution (2×25 ml), water (2×30 ml) and brine (30 ml). The combined aqueous phase was extracted with ethyl acetate (30 ml). The organic phase was combined and dried over sodium sulfate.
After filtration, the solvent was removed under reduced pressure to afford the crude 19-ol (322 mg) as a colourless oil. This crude product was directly used for the next step without further purification. ent-17-Norkauran-16-one. The chloro ketone (80.2 mg, 0.26 mmol) prepared above and azobisisobutyronitrile (10 mg) were dissolved in anhydrous benzene (5 ml) under a flow of nitrogen, followed by addition of n-Bu 3 SnH (0.27 ml, 1 mmol, 4 eq.). The resulting solution was degassed and purged with nitrogen, then irradiated with a tungsten lamp at reflux for 120 min. hydroxide (280 mg, 5 mmol) and hydrazine monohydrate (0.3 ml) were dissolved in ethylene glycol (3 ml). The resulting suspension was stirred at 100˚C (oil bath) for 2 h then stirred at 190˚C (oil bath) overnight. After cooling to room temperature, the reaction mixture was diluted with ice-water (100 ml) and extracted with diethyl ether (4×15 ml). The combined organic phase was washed with water (2×10 ml), brine (15 ml) and dried over sodium sulfate. After filtration, the solvent was removed under reduced pressure to afford the crude acetal (65 mg). This product was dissolved in THF (8 ml), one drop of water was added, followed by p-toluenesulfonic acid monohydrate (65 mg) and silica gel (100 mg). The resulting suspension was stirred at room temperature for 4 h, then filtered through a short column of silica gel and washed with ethyl acetate. 
